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1.
New Derivatives of Trimethylene Glycol.
Introduction.
The beginner in research in chemistry, like a more experi-
enced investigator, has for his object, the discovery of new facts
which apply directly to the advancement of the science. But more im-
portant by far than any discoveries which he may make is the know-
ledge and ability which he acquires through experience. He learns
the methods of attacking and of the working out of research problems;
he acquires the habit of thinking out the work for himself and of
carrying out his thoughts experimentally. A spirit of independence
and originality arises within him. His first problem is therefore
a school which gives him the essentials for success in future re-
search .
The problem, treated in this thesis was chosen, not be-
cause I believed that the facts discovered or the compounds prepared
would be of especial value to the science or to commerce, but rather
because I believed that the work necessary for its solution would
fit me for greater and more useful research in future years. The
problem has more than lived up to my expectations.
A very brief history is given of those compounds which
have a direct relationship to the solution of this problem. The ex-
perimental work is outlined very briefly, the idea being to eliminate
all details which would prove of no value to another who might wish
to prepare or use the compounds which I have worked with. Should
any of my work given in this paper prove helpful to others I shall
be pleased.

2.
Historical Part,
[a) Trimethylene Glycol and Some of Its Derivatives.
Trimethylene Glycol was first prepared in 1871 in a some-
what impure state from trimethylene bromide by Friedrich Geromont.
(Reference No.1) The bromide treated with glacial acetic acid and
silver acetate yielded trimethylene diacetate, a compound boiling at
203*205°
. This compound treated with barium hydroxid yielded a sub-
stance boiling at 108^-218° which from its boiling point, specific
gravity and analysis was evidently trimethylene glycol.
Reboul (Reference No. 2) in 1874 using the same method as
Geromont succeeded in obtaining the glycol in a pure state. He gave
o o
the boiling point of the diacetate as 210 and of the glycol as 216 .
o
The specific gravity at 19/19 was 1.053.
Quite by accident A. Freund (Reference Ko.3) in 1881 dis-
covered that the glycol could be prepared by the fermentation of gly-
cerol .
In attempting to prepare normal butyl alcohol by the
sc lizomycetes fermentation of glycerol, Freund observed that the once
fermented liquid in spite of the presence of apparently unaltered
glycerol could no longer be made to ferment even after the butyl al-
cohol resulting from the first fermentation had been distilled off;
and further- examination showed that the residue contained neither
glycerol nor any compound isomeric with it. He therewith distilled
the unknown substance with steam and by redistilling the distillate
was able to obtain the pure trimethylene glycol. The process of for-
mation of the glycol seems to be the extraction of oxygen from the
middle OH group either by the hydrogen evolved in the fermentation or
the oxygen is employed in the formation of the accompanying fatty

3.
acid or is respired by the schizomycetes . It is interesting to note
that both hydriotic acid and sodium amalgam abstract either the whole
of the oxygen or only that from the end group while the vital deoxi-
dation takes place by removal of oxygen from the middle carbon atom.
The yield is from 10 to 20 o/o of the glycol employed.
The most important source of the glycol is that discovered
by A. A. Noyes and W. H. Watkins in 1895. (Reference No. 4) A soap
making concern in the vicinity of Eoston had been having trouble in
obtaining a glycerol of the required specific gravity. The cause of
this was attributed to the presence of some uncommon impurity. They
turned over a considerable amount of their "light stuff" to Noyes
and Watkins who subjected it to fractional distillation. The results
of their work shov.d that the "light stuff" contained about 38 o/o of
trimethylene glycol. Since the fermentation can not take place in
soap lye the glycol must have been present in the fat before saponi-
fication. It had probably been produced by spontaneous saponifica-
tion and subsequent fermentation of the glycerol. The presence of
the glycol in glycerol is a source of danger in the manufacture of
nitro glycerol since it reacts with nitric acid with explosive vio-
lence; but its presence can easily be detected by the specific gravi-
ty of the glycerol and by a high oxidation equivalent as shown by the
bichromate titration.
One other important method of the preparation of the gly-
col is that of Niederist. (Reference No. 5) He found in 1883 that
the substance could easily be prepared by heating trimethylene bro-
mide with AggO and water or by heating with water alone.
Trimethylene bromide ( CHgBrCHgCR^Br ) was first prepared
by^Jbromont in 1871, (Reference No.1) by heating allyl bromide
with fuming hydrobromic acid at 100° in a sealed tube for a few*
1
*
4.
minutes. A mixture of CH^CHBrCHgBr was obtained and these were sepa-
rated by fractional distillation. The bromide was also prepared in
1881 (Reference No. 3) by Freund from the trimethylene glycol. He
saturated the glycol with HBr gas, added a double volume of fuming
HBr and heated the liquid in sealed tubes for some hours on the water
bath. The product was freed from unaltered glycol and from thebrom^-
hydrin by agitation with fuming HBr. The substance was then subjec-
ted to fractional distillation and further purified by washing with
water.
Erlenmeyer (Reference No. 6) in 1879 prepared the substance
by saturating dry allyl bromide at -16* to -19* with dry HBr gas,
allowing it to stand in the dark at 35° to 40° and repeating the satu-
ration until no more HBr is absorbed by the solution. The substance
boils at 165° under 730 mm. Its density is 1.9228 at 17' 674°.
Freund (Refereree No. 3) in 1882 has also prepared tri-
methylene iodide by the same method which he used for the bromide.
Reboul (Reference No. 7) ho.ever has prepared the chloride earlier
(1873) by treating trimethylene bromide with mercuric chloride. Tri-
methylene chloride boils at 119* under 740 mm. and has a specific
gravity of 1.1896 at 17.6/4*. The iodide boils at 227* and has a
density of 2.5631 at 1 9° . Its odor is like that of the bromide but
is fainter.
The compound CHoClcHgCHgBr was prepared by Reboul in 1874.
(Reference No. 2) Allyl chloride was treated with fuming HBr in the
cold, the reaction giving the desired compound. Reboul obtained
better results however by heating allyl chloride with fuming HBr for
seven or eight hours at 1C0° in a sealed tube. The product is sepa-
rated from any unchanged allyl chloride by fractionation. The com-
pound boils at 140° to 141° and has a specific gravity of 1.630 at 8°.
I
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It is a matter of interest that trimethylene bromide, chloride, iodide,
and the chlor-bromide all yield allyl-Sthyl ether upon treatment with
,KOH.
Trimethylene chlorhydrin ( CHgClCI^CR^OH) was prepared by
Reboul in 1774 (Reference No. 8 J by heating trimethylene glycol satu-
rated with HG1 gas in a sealed tube at 100°. Both trimethylene
chloride and trimethylene chlorhydrin were formed and the two separa-
ted by fractional distillation. The chlorhydrin boils at 160°, has
a specific gravity of 1.123 at 17°and is slightly soluble in water.
The corresponding bromohydrin has also been prepared by
Frilling in 1882 (Reference No. 9). A mixture of 100 parts of tri-
methylene glycol and 70 parts HBr (48 0/0) is saturated with HBr gas
and heated for four orfive hours in a sealed tube on the water bath.
Both trimethylene bromohydrin and trimethylene bromide are formed.
Since the hydrin is slightly soluble in water while the bromide is
no t, the two are separated by washing many times with water. The
wash water is neutralized with soda and shaken with ether. The
ether isdistilled off on the water bath and the residue is distilled
at a higher temperature under diminished pressure. The product
boiled at 98 -112 under 185 mm. and had a specific gravity of
1,5374 at 20* • It is soluble in six parts of cold water.
The iodohydrin was prepared by Henry in 1879. (Reference
No. 10) from the chlorhydrin thru sodium iodide is methyl alcohol
solution. The compound boils at 225° without decomposition and has
a density of 2.349 at 13°. It has a sweet smell but a sharp taste.
It is soluble in water, alcohol, and
The derivatives of trimethylene glycol prepared by A. A.
Noyes (Reference No. 11) in his attempted synthesis of hexamethylene
are important and though they have but a slight bearing upon the
4*
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working out of my problem I have decided to give a brief account of
them here
.
Hexamethylene diethyl ether was prepared by two methods, the
reactions of which are given below:
( 1 ) CHgOH . CHg . CH20HfNa«CH20H . CHg . cHgONafK
.
CH20Na . cHgjSHgOH+CgHg I^CgHgO • ( CH2 ) 3 . OH-f-Na1 .
3C
2
H
5
0.(CH
2 ) 3 .0HfPCl3 §r3]
[^SC^O^cfi^.Cl^
2C2H5 .(CH2 ) 3 .C1 [Br) [l]-f SNasCgHgO. (CHg ) 6 .0C2H5-f€NaCl [Br]
(2) C2H50.(GH2 ) 3 .BrfKCN=C2H50. (QH2 ) 3 .c^fKBr.
CgH6 . ( CHg ) 3 . CNfK0H+H20srC2H 5 . ( CHg
)
3 . COgK+NHg
.
2C
2
H
g
0. (CH2 ) 3 .C02K+2HgO ( electrolyzed )=CgH5 . ( CHg
)
6OCgH5
2KHC0;5fHg.
Trimethylene glycol raonoethyl ether CcKgOH.cHg.c^gOCgHg)
was prepared by the action of sodium and ethyl iodide upon the glycol.
300 grams of the glycol were placed in a 500 cc. flask connected with
an upright condenser. One half of the theoretical amount of sLOdium
from the monosddium derivative was added in small portions so that
the temperature of the solution was kept at the melting point of
sodium. When the sodium was all dissolved the solution was cooled
and 318 grams of ethyl iodide was added cautiously. The mixture was
u
refljfexed for three hours on the water bath and was then distilled
in an oil bath, at first under ordinary temperature and finally under
greatly reduced pressure. The distillate upon fractionation yielded
ethyl iodide, ethyl alcohol, the monoethyl ether and some unchanged
product. The yield was 66 o/'o of the theoretical. The monoethyl
ether is a colorless, pleasant smelling fluid soluble in water in all
proportions
.
Trimethylene diethyl ether ( CgHgO. CHg . CHg . CHgOCgH^ ) was
prepared from the monoethyl ether by a method exactly similar to the
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above. This compound is insoluble in water and possesses a fruity
odor.
Ethyl* chloropropyl ether lcH2 Cl.CH2 .CH2 .0C2H5 ) and the
corresponding brom and iodo ethers were all prepared from the monoe- j
thyl ether by the following method. The monoethyl ether was placed
in a flask, surrounded by a freezing mixture. PC13 ^Br^J Jl^j was
gradually added and the mixture allowed to stand for some hours in
the cold. Then the mixture was heated for an hour on the water bath
after which it is poured into water, washed, r distilled. The yields
obtained were 50, 75, and 30 o/o respectfully in the three cases.
The three halogen ethers possessed an aromatic odor and. were insoluble
in water.
In order to form the diethyl ether of hexamethylene gly-
col (C^H 0. (CH ) A .0C 9H )each of the ethyl Y -halogens ethers was
treated in the following manner. A third more than the theoretical
quantity of sodium required from the decomposition of the halogenatec
ether was added on the water bath for several hours. The liquid was
then decanted from the sodium haloid, filtered and distilled. Upon
fractionation the pure diethyl ether of he£ft ethylene glycol was ob-
tained. The yield was 7.2 o/o with the c.lorether, 20 o/o with the
bromether, and 30 o/o with the iodoether. Hexamethylene-glycol
diethyl ether is insoluble in water. It dissolves in H S^ and can
be precipitated from the solution by the addition of water. Sodium
acts upon it slowly forming a slimy green solid and the small yield
obtained in its synthesis is due to this fact. "PCI3 heated with it
on a water bath for two hours had no affect upon it."
The second synthesis of this compound began with the
preparation off-ethoxyvalerianic acid 2H50. (CH2 ) 4 . C0 2H. The ethyl
Y-brom propyl ether was heated on a water bath for several hours
I
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first with concentrated aqueous KCN solution; then with concentrated
KOH. Upon acidifying . -ethoxyvalerianic acid was obtained in a
4° o/o yield. Electrolysis of this acid gave the diethyl-ether of
hexamethylene glycol in small quantity.
Just how Professor Koyes intended to obtain hexamethylene
from the diethyl ether is not stated but he does state that all at-
tempts to close the ring with the formation of hexamethylene met
with failure. Another interesting fact is that several attempts to
prepare a metallic derivative by the action of sodium amalgam and of
the Zinc-Copper couple on the ethyl brompropyl ether were entirely un-
successful .
The ^Ittig synthesis was successfully carried out with
the bromether and brombenzene, a 54 o/o yield of ethyl Y-phenylpropyl
ether being obtained.
The ethopropyl radical was also introduced into malonic
AC
ether by heating its sodium compound with the ethyl brom propyl
ether, the yield being 34 o/o. The substituted malonic ether so ob-
tained gave on saponification and subsequent heating to 170° of the
acid separated from its salt, 5-ethoxyvalerianic acid.
All of the compounds prepared in the above investigation
were carefully analyzed for carbon, hydrogen and the halogens when
present. The analysis in every case agreed with the values calcu-
lated from their formulas. A table of their boiling points and
specific gravities is given below:
Boiling-ooint Specific gravity
CgHgO.CHg.CHg.cKjOH 160*-161° 0.915
C LH 50.CH2 .GH2 .CH2 .0C2H5 140° -141° 0.835
CH.O.CH.CH .CH CI 130°-131° 0.957
<£, o 2 c. c
CgHgO.CHg.CH^CfigBr 150° -151° 1.300

^Boiling-point Specific gravity
C oH c0.CHo .CH r CHo I 130° -134° (at 150 mm) 1.585
C oH„0.(CHo )..0C oH_ 208°; 1 60° - 1 62° ( at 200 mm) 0.8452 5 2d c. o
C oH e0.(cHJ C00H 252° 0.9942 5 2 4
C
2
H
5
0.(CK
g ) 3
CH(C0
2
C
g
H
g
) 2
£73° 1.016
C6
H
6 .(CH2 ) 3 .0C2
H
5
224° 0.924
(b) Cyclic Oxides.
Ethylene oxide has been prepared by a great many methods
two of which will be mentioned here. The oldest method is that of
Kurtz (1862). (Reference No. 12) Glycol is treated with HC1 forming
the chlorhydrin. The latter with concentrated KOH gives ethylene
oxide, potassium chloride, and water. Another method is that of
Scheitz (1868). (Reference No. 13) The chlorhydrin and monosodium
glycol if heated together at 130° gives ethylene oxide, glycol and
some diethyl glycol.
CHoCl CH,0H CH9 CH.OH
1 + I = I S + I 2 + NaCl.
CH
f
0H CH^ONa CH>^ C^^OE
£Z> & d> &
The oxide boils at 13.5° under 746.5 mm. and has a specific gravity
of .8966 at . It is soluble in water in all proportions. It re-
acts with acids forming esters of glycol.
Trimethylene oxide C-^o-C^ was first prepared by Reboul
in 1878 (Reference No. 14) by CH r--0 treating trimethylene chlor-
hydrin with solid KOH. If aqueous KOH is used the substance poly-
merizes. Distillation and desiccation yields the oxide but if water
is added before the distillation the substance polymerizes. De rick
and Bissell(Reference No. 15) recently attempted to prepare this sub-
stance by the above method. They were able to secure at best only
a 5 o/o yield of the product and that showed three evidences of im-
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purity; namely, reacti*fflrtowards bromine, a positive test for chlo-
rine and a sharp unpleasant odor.
Accordingly 75 grams of C1CH2CH2CH20AC (obtained in a 375
gram yield from 3^0 grams of trimethylene chlorhydrin treated with
250 grams of AcCl and boiled gently under a reflux condenser until
the evolution of HC1 ceased) xseq was added slowly to 150 g. KOH and
12 cc. of water at 100°, under a reflux with constant shaking. The
heat of the reaction keeps the temperature at 1C0°-110°. At the end
of the reaction the mixture was heated to 120° for ten minutes when
a marked odor of unsaturated compounds developed and the heating was
ceased. They obtained 29 grams of crude distillate from two of such
experiments. The crude distillate was slowly treated in a freezing
mixture with bromine. Then the product was distilled into a receiver
in a freezing mixture and allowed to stand 24 hours over anhydrous
Na
2
S°4' Upon distillation 14 g- of the pure oxide were obtained.
The oxide boils at 47.8° (Corrected). Its density is .8930 at 20°.
It reacts violently with PCI to form trimethylene chloride.
The next oxide in the series tetramethylene oxide, has
been prepared by a series of reactions. (Demjanoff ) (Reference No. 16
Ethylenic dicyanide treated with sodium in methyl alcohol solution
yields tetramethylene diamine. The hydrochloride of this ground up
with water and AgNO at ordinary temperatures gives the nitrite.
Fifty grams of the nitrite are placed in a liter of water and the
solution distilled. At 80° or 90° degrees decomposition takes place,
but the heating is continued till a temperature of 130° is reached.
Nitrogen is given off together with a gas that does not condense in
the receiver. The latter is the unsaturated hydrocarbon CH^CH-CH-
CHP which is absorbed ifc bromine. The aqueous distillate is a mix-

11
.
CHp-CHa-.
ture of nitrosopyrrolidine J„ ^>M0, tKetramethylene oxide
CH^-CH^ aVGHsT
CH -CH^ ' &nd *n alcoho1 of the structure of CiyCHCH2CH2OH. These
2 2
three compounds can be separated by fractional distillation. Tetra-
methylene oxide was also prepared in 1908 by H. Bourguigon. (Refer-
CH-^if
ence No. 17) by the reduction of furfurane fa Fifty grams of
N 0'
furfurane were treated with H and Ni for six hours at a temperature
of 170°. At the end of that time six grams of tetramethylene oxide
were formed together with four grams of butyl alcohol. Seventeen
grams of furfurane were unchanged. The substance has a burning, bit-
ter taste. It is slightly soluble in water and unites with fuming
HEr to form C.H Br_. It boils at 64° -65° (Bourguigon); 67° (Dem^ja-
4 o <t
noff). Its density is .888^.002 at 2l74°
.
Demaj^noff (Reference No. 18) has also prepared pentaraethy-
lene oxide. Pentamethylene glycol is heated with three times its vol-
ume of 60 o/o HgSO^ in a sealed tube at 100° for one and one-half
hours. The product is diluted with an equal buj.k of water and dis-
tilled on the water bath. The distillates separates out into two
layers. The upper layer is separated off, neutralized, dried, and
fused with KOH. It 'is then fractionated and the portion boiling
between 80° to 81° is pentamethylene oxide. The product is a color-
less liquid with an odor resembling ethyl ether. Analysis and vapor
density determinations agree with the formula C^H^O. It is soluble
D 10
in alcohol and ether. Its density is .8800 at 0°. At 100° it
unites readily with fuming HBr.
Another oxide that should be mentioned here is methyl-
pentamethylene oxide which has been prepared by Lipp. (Reference No. 19)
Ten grams of S<-hexylene glycol were heated with ten grams of water
and twenty grams of I^SO^ at 100° • The mixture was diluted with
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water and distilled. The distillate is saturated with K^CO„ which
2 3
separates the product from the water. The product is thereupon
purified by fractionation. The substance boils at 103° to 104° at
720 mm. Its specific weight is .8789 at 0°. It is slightly soluble
in water. This compound is isomeric with hexamethylene oxide.
which I have endeavored to prepare.
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Theoretical Part.
The following investigation was undertaken with the hope of pre-
paring hexamethylene oxide from derivatives of trimethylene glycol.
The plan was to prepare trimethylene bromhydrin (CH BrCH CH OH) by
treating the glycol with HBr and H SO and distilling the mixture.
The hydrin was then to be converted into the di-brom propyl ether
(CH BrCH CH -O-CH CH CH Br) by further treatment with H SO . By the222 222 24
removal of bromine from this compound with sodium or magnesium the
ring was to be closed with the formation of hexamethylene oxide. The
synthesis w- s to be repeated with the corresponding chlorine compounds
in case the bromine compounds did not work well. Heretofore in the
formation of ring compounds from straight chain compounds the ring
has always been closed between an oxygen and a carbon atom. If the
formation of hexamethylene oxide had been successful the ring would
have been closed between two carbon atoms.
In the preparation of the brom-hydrin, trimethylene bromide was
expected as a by-product. It was also thought that the HgSO^ would
react with the hydrin during the process forming the dibromprop-r: yl
ether as a second by-product. Another possible by-product was the
compound CH BrCH CH OCH„ CH CH OH, which might be formed by the ac-
* 222222 c *
tion of HoS0 on the bromhydrin and on the unchanged glycol. The
brom-hydrOxy ether might also lose a molecule of water with the for-
mation of CH BrCH CH -O-CH CH=CH .
2 2 2 2 2
The following list of compounds were regarded as possiblities in
the treatment of the dibrompropyl ether with sodium:
(1 ) Hexamethylene oxide ?H2~ CH2"GH£>0
CH2 ~CHg - CH<2
(2) Diallyl ether CH^CHCI£0-CH
2
CH=CH
g

(3) Propyl ether CHgCHgCHg-C-CKgCHg^
(4) Allyl-propyl ether CHg=CHCHg-0-CHgCHgCH3
(5) Brompropyl-allyl ether ChgBrCHgCHg-O-CHgCH-Crfg
(6) Monobrompropyl ether CH BrCH CH -O-CH CH CH
2 2 2 2 2 3
The formation of the second compound in small amounts was
expected to take place by the splitting out of the HBr. The HBr re-
acting with sodium would free hydrogen which might be taken up by
more of the diallyl ether thereby forming compounds (3) and (4). In
case only one of the bromide atoms were extracted, compounds (5) and
(6) might be formed.
The unsaturated compounds f{(med were to be brominated in the
cold. Then the oxide could be separated out from the mixture by
fractionation. (Propyl ether boils at 90° and the oxide was expected
to boil at 105° or 106°.) The bromine compounds boil much higher.
The structure of the di-halogen propyl ethers was to be prove!
by: (1) the halogen content; (2) compounds resulting from the action
of PBr„ or PC1C cm the ethers> (3) compoundso o
resulting from the action of sodium on the ethers. The specific
gravity of the ethers were expected to be slightly higher than the
halogen hydrins of trimethylene glycol.
^'he boiling point, specific gravity and general properties
of hexamethylene oxide were predicted from other cyclic oxides 8nd
from its isomer, methy-pentamethylene oxide. The compound was
expected to boil between 10^ and 106 (slightly above the boiling
point of the isomer) and to have a specific gravity of about 0.880
at 0". The structure of the compound if obtained was to be proven
by its carbon and hydrogen content, by its molecular weight from
vapor density determinations, and by its conduct with bromine or
PClc* The reactions involved in the investigation are given below:
V
1$.
CH OH CH CH OH+HBr r=. CH BrCH CH OH H-H
2 2 2* 2 2 2 * •
CH
2
BrCH
2
GH
2
OH+H
2
S0
4
~ CHgBrCHgCHg.ESO^HgO
CH BrCH CH HSO
-f-CH BrCH CH OH =
2 2 2 4* 2 2 2
CH BrCH CH -C-CH CH CH Br+H SO
2 22 222^24
CH_.Br CH CH CH -O-CH CH CH Br-f2Na r=z
2 2 2 2 2 2'
CH
-CH -CH V2 2 2\
J>0+2NaBr.
CH -CH -CH-^
2 2 2
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Experimental Part,
(a) Preparation of Trimethylene bromhydrin. (CH BrCH CH OH)
To three moles of trimethylene glycol in a liter distilling
flask are added on? mole of HgSO^and one and one half moles of HBr.
The mixture is ther distilled until the distillate is equal in
volume to the HBr added. Then one mole of the glycol and one mole of
the HBr are added and the distillation repeated until the volume of
the distillate is again equal to the volume of the HBr added. The
molar additions of HBr and of the glycol and and the distillations
may be repeated as many times as may be desired. The halogen deriv-
atives of the glycol distill over with water and the distillate sepa-
rates into two layers. At the end of the distillation, the distillate
is neutralized with NagCOjand the two layers separated. The layer
containing the derivative is dried over anhydrous Na^SO^. The
aqueous layer is shaken with ether in order to remove any of the hy-
drin which is dissolved therein and the ether extract is dried with
anhydrous Na^O^. The ether is distilled off leaving the nearly pure
brom-hydrin which is subjected to fractional distillation. The re-
mainder of the distillate is distilled until a temperature of 170*
is reached in order to remove most of the trimethylene bromide. Then
the remaining residue is fractionated under diminished pressure. The
separation of trimethylene bromide from trimethylene bromhydrin is a
difficult process and can only be brought about by careful and pains-
taking fractionations. Better results are obtained if the process is
carried out under diminished pressure. The bromhydrin may also be
separated from the bromide by washing many times with water, extract-
ing the water with ether, dis$tilling off the <„ther, and fractionating
the residue.
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Of the two methods of separation experience proves the first
to be the better. The hydrin is so very much more soluble in the
bromide than it is in the water that it is almost impossible to re-
move all of it by washing with water and some of the bromide is also
carried into the washings by the hydrin. By several careful frac-
tionations the two compounds can be separated in a fairly good state.
The separation of the bromhydrin from the dibrompropyl ether which
is formed in the reaction, can be easily brought about due to the
wide difference in their boiling points. The yield of the derivatives
depends somewhat upon the number of additions of the glycol and HBr.
The increase of the number of additions decreases the yield of the
bromide and increases the yield of the hydrin and the ether. A limit
of the number of additions however is reached due to the charring of
the glycol and the breaking up of the H SO with the formation of SO .
The following table gives the average yields of several runs on the
above process. The o/o yields are calculated on the possible theore-
tical yield for each substance from the amount of HBr.
No of extra
additions of
HBr and glycol
f
g. og
glycol
used
g. of
HBr
used
g. of
bromide
obtained
g. of
hydrin
obtained
g. of
ether
obtained
2 380 283.5 214 86 48
5
b
608 526.5 .372^5.. 210.5 126.7
o/o yield
of
bromide
o/o yield
of
hydrin
o/o yield
of
ether
2 380 283.5 60.5 o/o 17.5 o/o 10.7 o/o
5 608 526.5 52.2 o/o 22.2 o/o 15 o/o
Trimethylene bromhydrin boils at 102° und r 60 nm. andjiasa
specific gravity of 1.534 at 20/^20° . It is soluble in water to the
extent^ of one part in six.
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(b) Preparation of the Dibrompropyl Ether (CHgBrCHgCHg-O-CHgCHgCHgBr
)
It had originally been intended to prepare this substance
from the brorahydrin and H SO but since it was formed in the above
preparation of the hydrin that process alone was used for obtaining
the compound. In separating this ether from the bromhydrin by frac-
tionation a higher boiling residue was observed. This substance was
thought to be CH BrCH Ch -O-CH CH CH OH. The dibrom ether is a color-fc
2 2 2 2 2 2
less fluid with a sharp odor and a biting^irrita ting taste. It is in-
soluble in water but is soluble in alcohol and ether. It dissolves in
3 SO to from a dark yellow solution. It d' compose^ when distilled
2 4
onder atmospheric pressure, and therefore must be distilled under di-
ninished pressure. It boils at 128* under 19 mm and has a specific
gravity of 1.5742 at 2o720° . It distills readily with steam. The
30° /
index of refraction at is J. 3$$0 (Abbeins trument
)
(c) Determination of Bromine in the Dibrom Ether.
The bromine was determined according to the method given in
If. A. Noyes' Organic Chemistry for the Laboratory page 23. About 0.2
grams of the ether was placed in a 150 c. Kjeldahl flask and 35«c. of
absolute alcohol added. The flask was connected with an upright con-
ienser and 1.7 grams of sodium added gradually during 30 minutes.
Towards the end of the period the solution was kept boiling with a
the
turner and the boiling was continued for one hour after ally^sodium was
lissolved. The solution was then cooled to 50 9 and 50 cc. of water
idded thru the condenser in small portions. After cooling the solu-
Aon was made acid with nitric acid and the bromineAprecipitated with
VgNO . The precipitate was filtered into a Gooch crucible, dried,3
and weighed.
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The results of the analysis are given below:
Wt. of Sample Wt. of AgBr ppt. o/o of Br.
.2030 .2902 60.8
.1716 .2456 60.9
The theoretical amount of Bromine in the compound is 61.5 o/o.
(d) Action of PBr„ and PC1 C on the Dibrom ether.O D
It was thought that the ether would be split by PBr with the
o
Formation of trimethylene bromide. Accordingly 15 grams of the ether
nrere refluxed for four hours with the theoretical amount of PBr„ . At
3
the end of that time the PBr„ was decomposed by water and the solution
listilled with steam. The distillate proved to be unchanged dibrom-
sther. Since it was not possible to obtain any PBr the above experi-
5
nent was repeated in exactly the same way with PC1_. The compound
5
sxpected was CHgBrCHgCHgCl but the dibromether failed to react with
PCl^.
o
(e) The preparation of the Dichlorether
.
The chlorhydrin was prepared by the same method as outlined
above for the bromether. The essential difference in the two reaction!
is that in the preparation of the bromhydrin, a large amount of the
bromide is formed while the yield of the hydrin is comparatively
3mall. In the case of the chlorhydrin however only a small amount of
the di-chloride is formed and the yield of the chlorhydrin is large,
tfone of the chlorether however is formed in the reaction.
About 400 grams of the chlorhydrin were refluxed with HgSO^
Tor four hours. At the end of that time the mixture was fractionated.
The products are unchanged chlorhydrin and the dichlorether. The yielc
nras small being only 10 o/o of the theory. The substance has an odor
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and taste identical with the dibromether. It "boils at 215° without
d'jcomposition and has a specific gravity of 1.14£at 20/^20° • it index
of refraction at f$ is LS
(f ) Action of Sodium on the Dibromether.
Sixty cc. of dry ether were placed in a 250 cc. flask and
enough sodium added in thin slices to extract the bromine from 48
grams of the dibrom ether. Then the dibrom ether was added and the
flask connected with an upright cond mser. The sodium reacts with
the ether without the aid of external heat. The reaction requires
several hours for completion. The solution becomes blue or" bluish
green during the reaction. Two methodshave been used for recovering
the products, one way being to connect the flask containing the solu-
tion to a condenser and to distill of everything that is volatile, the
other being to decompose the excess sodium under a layer of ether by
water. In the latter case the ether would extract the desired pro-
duct. In either method the ether solution containing the product is
fractionated. The products so far obtained are small amounts of pro-
pyl and diallyl ether (boiling points 89.5° -90° and 94° respectively)
(boiling at /Z0°~ 26-6"xtn<le.-r 30 ymr^.)
and a higher boiling substancey^the identity of which is unknown.
The specific gravity of this substance was 0.8310 at 20° anditgave a
negative test for bromine. The gas given off in the reaction was col-
lected and measured but in no case was more than 200 cc. of gas ob-
tained. This is about the volume of air in the condenser and flask
before the reaction begins. No hydrogen therefore is given off but
is used up in the formation of the propyl ether. The diallyl ether
has been separated from the propyl ether by bromination in the cold
and subsequent fractionation.
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(g) Action of Magnesium upon the Dibromether
.
This experiment was carried out in about the same way as in
the case of sodium, a crystal of iodine having been added to aid the
reaction. The etier reacts with the magnesium in the cold forming
a bluish gra;y solution. At the close of the reaction the mag-
nesium compounds are decomposed with ice and the ether layer is separatee
and fractionated. The products were the same as in the case of sodium
but a smalleramount of the diallyl ether and a larger amount of the
higher boiling substance was obtained.
»
22 •
Conclusion:
The above method of preparing trimethylene brom hydrin has
many advantages over that of Fruhling. In the first place it does
not require the use of the sealed tubes and again a larger amount of
the substance can be prepared in the same length of time. Although
Fruhling' s method gives a higher percentage yield of the bromhydrin
his final product was evidently impure since he gave the boiling
point as 98° -11 2° under 185 mm. pressure. If one can use the tri-
methylene bromide and the di-brom propyl ether which are formed then
the new method is^gftn^ one. Since such large quantities of the bromide
are formed the method can scsrcely be accounted a good one for the
preparation of the brom-hydrin alone. There is room for further in-
vestigation on the preparation of this compound.
The two ethers CH C1CH CH -O-CH CH CH CI and CHoBrCHoCHo-0-2 22 222 2 22
CH CH CH Br, having never been prepared before, have been synthe-
C* & Ci
sized and their structures proven. The halogen content is correct
and they yield upon treatment with sodium or magnesium diallyl ether.
Their boiling points and specific gravities agree with the predic-
ts.
tions made from a study of opr halogenated straight chain compounds.
If hexamethylene oxide is formed in the action of sodium
upon the dibromether, we have been unable to isolate it. Since only
very small quantities of diallyl ether and propyl ether have been
obtained and since the total volume of all of the products of the
reaction is only about one-fourth of the volume of the di-brom ether
used, it is believed that the sodium forms some metallic compound
with the ether. It is possible that that some method may be found to
break up this compound, thereby closing the ring with the formation
the oxide. Another fact in support of this theory is that onlyavery
^amount of hydrogen if any is given off during the reaction.
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